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(54) A high density fiber optic cable 

(57) A fiber optic cable is providec that includes a 
plurality of lengthwise extending, non-jacketed bundles 
of optical fibers and a cable jacket surrounding the bun- 
dles of optical fibers Each bundle of optica! f;bers may 
include abinder. such as a binderthread. f cr maintaining 
the integrity of the bundle The binder may include, for 



example a binder thread formed of an air entangled, 
textured, continuous multi-filament thread. The fiber op- 
tic cable may also include a separation element for pre- 
venting adhesion between the bundles o' optical f:be r s 
and the cable jacket without having to separately jacket 
each bundle of cotical fibers 
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Description 

FIELD OF THE INVENTION 

[0001] The present mvertion relates gererally to fiber 5 
optic cables and mere particularly to high density fiber 
optic cables 

BACKGROUND OF THE INVENTION 

10 

[0002] In many applications, it is desirable for a fiber 
optic caole to include a plurality of optical fibers. With 
the increased demand for optical communications, 
there has been a corresponding aemand to increase the 
number of optica fibers, i.e.. the fiber count of a fiber ?5 
optic cable By increasing the fiber count cf a fiber cptic 
cable, a single fiber optic cable would be able to supoort 
additional optical communications channels. 
[0003] In order lo increase the fiber count of fiber optic 
cables, unitized fiber opric cables have been developed 20 
As shown in Figure 1 . a unitized fiber optic cable 10 in- 
cludes a number of bundles 12 of optical fibers 14 that 
are siranded about a common central strength member 
1 6. A unitized fiber optic cable 1 0 also includes a cable 
jacket 18 extruded about the bundles 12 of optical fibers 25 
14. and an optional ripcord 22 for facilitating removal of 
cable jacket 18. As shown in Figure 1. each buncle 12 
of optical fibers 1 4 includes at least two and more com- 
monly six or twelve optical fibers that are stranded to- 
gether. 30 
[0004] Optical fibers 14 are typically tight buffered op- 
tical f ibers. A tight buffered optical fiber 14 includes a 
single mode or multi-mode optical fiber surrounded by 
ar imerfacial layer. The interfacial layer can be 'ormed 
of a Teflon® containing material and is surrounded by a 35 
tight buffer layer. The tight buffer layer is typically formed 
of a plastic such as polyvinyl chloride (PVC) As an al- 
ternative to PVC the tight buffer layer can be formed of 
a non-halogenated poiyolefin. such as a polyethylene 
or a polypropylene. Still further, the tight buffer layer can 40 
be formed of EVA. nylon o r polyester. 
[0005] Each bundle 12 of optical fibers 14 also gen- 
erally includes a central strength member 26 about 
which the plurality of tigh: buffered optical fibers are 
stranded Each bundle 1 2 of optical fibers 1 4 further in- 43 
eludes a jacket 28 that surrounds the p-urality cf op:ical 
fibers, and an optional ripcord 20 for facilitating removal 
of jacket 28. Jacket 28 serves to protect optical fibers 
14 and to maintain the bundle cf optical fibers in a 
stranded relationshio about certrai strength member 50 
26 Jacket 28 is typically formed of a polymer such as 
PVC As an alternative to PVC. jacket 28 may oc 'ormcd 
of a fluoro-plastic such as polyvinylicene fluoride 
(PVCF) a f.uoro-compound as disclosed by U S Patent 
No 4 963.609 or blends of PVC anc PVDF or PVC and 55 
polyethylene (^E) Jacket 28 is typically relatively tnick 
and in one embodiment has a :hickness of about 0 8 
r~ iiiT-ete's 



[0006] Curing fabrication a bund e 12 of optical f be s 
14 is passed thrcugn an extruder cross head and jacket 
28 is extrudecthereabout n order to maintain the optical 
fioers ir position witnin the bund;e Since the tight buffer 
laye- of the tght bufferec optical fibers 14 is typically 
formed of a plastic, the plastic that is extruded to form 
jacket 28 will terd to adhere to the tight oufer layer of 
the tight buffered optical fibers 14 in the absence of a 
barrier therebetween ,n this regard, the plastic that is 
extruded to form jac<et 28 of a bundle 12 cf optical fibers 
14 may partially melt tne outermost portion of the tignt 
buffer layer of the tight buffered optical fibers 14 such 
that jacket 28 and the tight buffered optical fibers will 
adhere to one another as the plastic cools. Unfortunate- 
ly, the adherence o f the tight buffered optical fibers 14 
to the surrounding jacket 28 generaly deceases the 
performance of tne optica: fibers. Ir th s regard, signals 
propagatmgalong optical fibers 14 generally experience 
greater attenuator, as fiber optic cable 10 is bent or 
flexed in instances in which the tight buffered optical fib- 
ers are adhered to jacket 28 since the optical fibers will 
no longer be free to move relative to jacket 28 in order 
to accommodate bendng or flexure of fiber optic cabie 
10. 

[0007] Each bundle 12 of optica: fibers 14 therefore 
also generally includes a barrier 30 disposed between 
the plurality of tight suffered optical fibers and jacket 28 
in order to separate the tight buffered optical fibers from 
jacket 28 and to prevent adherence therebetween that 
otherwise would result from the extension of jacket 28 
about optical fibers 14. As such optical fibers 14 can 
move somewhat relative to jacket 28 as fiber optic cable 
10 is flexed. Barrier 30 is typically formed of a layer of 
strength members, such as aramid yarn, that are typi- 
cally stranded about the optical fibers. The layer of 
strength members is also generally relatively thick and 
may have a thickness of about 0.2 mm in one embod- 
iment. 

[0008] Each bundle 12 of optical fibers 14 is typically 
stranded about common central strength member 1 6 of 
fiber optic cable 10. Like central strength member 26 of 
each bundle 12 of optical fibers 14. central strength 
member 16 o f fiber optic cable 10 is typically formed of 
a relatively stiff fiber or glass reinforced plastic, or a rel- 
atively flexible combination of aramid fibers that may or 
may not be overcoated with a plastic material. Fiber op- 
tic cable 10 also includes a protective cable jacket 18 
that surrounds each of the bundles 12 ot optical fibers 
1 4. Cable .acket 1 8 is typically formed of a plastic such 
as PVC. As an alternative to PVC. cable jacket 1 8 may 
be formed of a fluoro-plastic. such as P VDF. a fluoride- 
comoound or blends of PVC and PVDF or PVC and PE. 
[0009] As described above in conjunction witn jacket 
28 that su r rouncs eacn bundle 12 of optical fibers 14. 
cable jacket *8 is also typically extruded Over the plu- 
rality of bundles of optical fibers As a result of the plastic 
materials that fo-m cable jacket 1 8 and the jackets 28 
t-at sj^cl-c :~ G r escec: ve cu^e'es 12 cf ootcs 1 : :e r s 
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14 cable jacket 18 and the jackets that surround the 
respective bundles of optical 'ibers may a:SO adnere to 
ore another following tne extrusion of caole jacket 18 
about the bjndles of optical fibers While the adherence 
of cable jacket 1 8 to the jackets 28 of the respective bun- 
dles 1 2 of cptical fibers 1 4 does not impair the perform- 
ance of fiber optic cable 1 0 as significantly as adherence 
betweer jacket 28 of a bundle 12 of optical fibers 14and 
the tight buffer layer of the tight buffered optical fibers, 
the adherence of cable jacket 1 8 and the jackets of the 
respective bundles of optical fibers does disadvanta- 
geous^ impair the flexibility of fiber optic cable 1 C some- 
what 

[0010] Accordingly, fiber optic caole 10 can also in- 
clude a surface coating on at least that portion of the 
exterior surface of jacket 28 of each bundle 1 2 of optical 
fite r s 14 that otherwise would be ir contact with cable 
jacket 18 The surface coating is typically formed of pow- 
dered talc that serves to prevent or reduce adhesion be- 
tween cable jacket 18 and the jacKets 28 of the respec- 
tive bundles 12 of optical fibers 14. 
[0011] Unitized fiber optic cable 1 0 as depictec in Fig- 
ure 1 is gererally relatively large For example, unitized 
fiber optic cable 10 ccp.ctcd in Figure 1 having six bun- 
dles 12 of optical fibers 14 stranded about a central 
strength member 16 with each bundle of optical fibers 
having six tight buffered optical fibers stranded about a 
respective strength member 26 generally has a diame- 
te r of about 18 8 millimeters in many applications, it is 
desirable to minimize the size of fibe' optic cable 10 
whue maintaining or increasing the number of optica: fib- 
ers 14 within fiber optic cable 10 As such, it would be 
advantageous to develop a unitized fiber optic cable 
having a relatively hign fiber court while also being 
somewhat smaller. 

SUMMARY OF THE INVENTION 

[0012] A fiber optic cable is provided accoraing to one 
aspect of the present invention that includes at least one 
non-jacketed bundle of optical fibers having a plurality 
of optical fibers and at least one binder thread encircling 
the optical fibers to thereby maintain the integrity of the 
bundle of optical fibers without having to jacket each 
bundle of ODtical fibers. The fiber optic cable of this em- 
bodiment also includes a cable jacket .surrounding the 
non-jackeled bundle of optical fibers According to one 
emDodiment. the binder thread is ar air entangled, tex- 
tured, continuous multi-filament thread having no more 
than 25 twists per inch. In addition, the binder thread 
may have a TEX number between 18 and 60 and a de- 
nier between 150 and 1 00C. may encircle the optica, fib- 
ers with a pitch between 10 mm and 70 mm. Further, 
thebinderthread may include a finish, such as a silicone 
wax emulsion finish, that is inert with respect to those 
components of the fiber optic cable with which the binder 
thread comes into contact 

[C013] ~ne fice r ocfc cab'e acco r C! n g tc a^ct?e r as- 



pect of the present nvent on includes at least one tube 
assembly having an inner bundle of optica fibers, an 
outer non-jacketed bundle cf ootical fibers positioned 
c.rcumferentially aboutthe inner bundle of optical fibers. 

5 and a tubular member, such as a buffer tube, surround- 
ing tne outer non-jacketed bundle of optical fibers Each 
bundle of optical fibers includes a plurality of optical fib- 
ers and at east one binder thread encircling the duality 
of optical fibers to maintain the integrity of the respective 

10 bundle. Each optical fiber of the inner bundle includes 
indicia, such as an associated color, for uniquely iden- 
ti'ying the respective optical f ; ber. Similarly, each optical 
fiber of the outer bundle induces indicia for uniquely 
identifying the respective optical fiber. Based upon the 

15 indicia of the optical fibers and the bundling of the optical 
fibers, each optical fiber cf a respective tube assembly 
can therefore be uniquely identified. 
[0014] A fiber optic cable is provided according to yet 
another aspect of the present invention that induces a 

20 central member, a plurality cf non-jacketed bundles of 
optical fibers extending along the central member with 
each bundle of cptical fibers including a plurality of op- 
tical fibers and a binder encircling the optical fibers to 
maintain the optical fibers in the bundle. The fiber optic 

25 cable of this embodiment also includes a cable jacket 
surrounding the bundles of optical fibers and a separa- 
tion element for preventing adhesion between the bun- 
dles of optical fibers and the cable jacket without jack- 
eting each bundle of optical fibers 

30 [0015] Afiber optic cable according to a further aspect 
of the present invention includes a plurality cf non-jack- 
eted bundles of optical fibers with each bundle including 
a plurality of optical fibers and a binder thread encircling 
the optical fibers to maintain the optical fibers in the bun- 

35 die. The fiber optic cable of this embodiment also in- 
cludes a separation layer surrounding the bundles cf op- 
tical fibers and a cable jacket surrounding the separation 
layer The separation layer prevents adhesion between 
the bundles of optical fibers and the cable jacket without 

40 having to separately jacket each bundle of optical fibers 
[0016] The fiber optic cable cf the present invention 
therefore includes a relatively high count of optical fib- 
ers, while reducing the size or diameter of the fiber optic 
cable. In this regard, the fiber optic cable of the present 

45 invention preferably includes a plurality of bundlescf op- 
tical fibers that are not separately jacketed, thereby per- 
mitting the diameter of the fiber optic cable lo be re- 
duced. However the fiber optic cable of the present in- 
vention can include a binder, such as a binder thread. 

50 for maintaining the integrity of the respective bundles 
Moreover the fiber optic cable can include a separation 
clement for preventing adhesion between the plurality 
of non- ; acketed bundles of optical fibers and the cab e 
jacket such that the optical fibers can move somewhat 

55 relative to thecable jacket as thefiber optic cable is bent 
or flexed such that the optical signals propagating along 
the optical fibers are not undesirably attenuated as a 
resLit of i r e 'lexire o' :~e f ; ber octc cab e 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Having thus described ne invention in general 
te r ms. reference will now be rrade to the accompanying 
draw nqs which are not necessarily drawn to scale, and 
wherein 

Figure 1 is a cross-sectional view cf a conventional 
f ber optic caole having a unitized desigr. 
Figure 2 is a fragmentary perspective view of a fiber 
optic cable according to one embociment of the 
present invention: 

Figure 2A is fragmentary perspective view of one 
bundle of optical fibers of the fiber optic cable of Fig- 
ure 2 which illustrates the binder thread in more de- 
tail 

Figure 3 is a cress-sectional view of the fiber cptic 
cable cf Figure 2 taken along line 3-3: 
Figure 4 is a fragmentary perspective view of a fiber 
cptic cable according to another embodiment of the 
present invention: 

Figure 5 is a cress-sectional view of the fiber optic 
cable cf Figure 4 taken along line 5-5: and 
Figure 6 is a cross-sectional view of a tube assem- 
bly of a fiber optic cable according to another em- 
bodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] The present invention now will be described 
more fully hereinafter with reference to the accompany- 
ing drawings, in which preferred embodiments of the in- 
vention are shown. This invention may. however, be em- 
bodied in many different forms and should not be con- 
strued as limited to the embodiments set forth herein: 
rather these embodiments are provided so that this dis- 
closure will be thorough and complete, and will fully con- 
vey the scope of the invention to those skilled in the art. 
Like numbers refer to like elements throughout. 
[0019] Referring now to Figure 2. a fiber cptic cable 
40 according to one embodiment of the present inven- 
tion is illustrated. Fiber optic cable 40 cf the present in- 
vention can have other configurations as described be- 
low although the fiber optic cable of Figure 2 will be de- 
scribed in more detail here.nbeiow for purposes of illus- 
tration Fiber optic cable 40 includes a plurality of bun- 
dles 42 of optical fibers 44. Typically, fiber cptic cable 
40 also includes a central strength memoei 46 along 
which the bundles 42 of optical fibers 44 extend or. more 
commonly are stranded Central strength merrbe' 46 
can be formed of various materials mcludirg fiber or 
glass reinforced plastic, or a relatively flexible combina- 
tion cf a r amid 'ibers that may or may not be overcoated 
with a plastic material. In the illustrated embodiment, 
however a central strength member46 formed of a plu- 
rality of aramid fibers overcoated with a plastic materia! 
is depicted 

[0020] jst-r.ts- £~tzz ~e~: 'to ' cct : car*-:- 



40 trcludes six bundles 42 of optical fibers 44 However 
fioer optic cable 40 car include any numcer of cundles 
Additionally, fiber optic cable 40 can include two or more 
laye r s of bundles 42. if so desired. 
5 [0021] Each buncle 42 of optical fibers 44 includes a 
plurality of op:icsl fibers While each bundle can induce 
any number cf optical fibers each burdle of optical fib- 
ers of fiber optic caole 40 generally includes the same 
number of optica! fibers, such as six or twelve optical 
10 fibers. In addition, while the bundles 42 of the illustrated 
embodiment have a single layer of optica 1 fibers 44. the 
bundles can include two or more layers of optical fibers, 
if so desired. Optical fibers 44 are generally tight buff- 
erec optical fibers including a conventional smgie moae 
15 or multi-mode optical fiber surrounded by an mterfacial 
layer The mterfacial laye r is generally formed of a Te- 
flon® containing materiai. Each tight bufferea optical fib- 
er a;So includes a tigh: buffer layer that surrounds the 
mterfacial layer. The inlerfacial layer therefore serves 
20 as a release layer that provides a controlled bond be- 
tween the tight buffer layer and the optical fiber so that 
a craftsman can easily strip the tight buffer layer from 
the optical fiber during a termination procedure. The 
tight buffer layer is typically a plastic such as P VC. How- 
- 5 ever, thetightbufferlayercanoeformed of other plastics 
including non-halogenated polyolefins. such as PE or 
polypropylene, afluoro-plastic such as PVDF or a ultra- 
violet (UV) light curable material. Although not neces- 
sary for the practice of the present invention the tight 
30 buffer layer can also be des:gned to be burn resistant 
and to have a riser, a plenum and/or a low smoke zero 
halogen rating as described by U S Patent No. 
6.1 67.1 78. the contents of which are incorporated here- 
in by reference. For example, the tight buffer iayerof the 
35 tight buffered op:ical fibers can include aluminum trihy- 
drate. antimony trioxide or other additives to improve the 
burn resistance of the tight buffer layer. 
[0022] Each bundle 42 of optical fibers 44 also in- 
cludes a binder 48 that encircles the optical fibers to 
■*o maintain optical fibers 44 in the bundle. In one advan- 
tageous embodiment depicted in Figures 2. 2A and 3. 
a binder thread 48 encircles the optical fioers 44 Fiber 
optic cable 40 can include various binder threads 48. 
Bincer thread 43 is preferaoly an air-entangled, tex- 
^5 tured. continuous multi-filament thread. In addlion. 
binder thread 48 is oreferably a synthetic thread that is 
resistanl or imperious to bacterial decomposition which 
would otherwise create hydrogen which, in turn, may 
cause uncesirable increases in the attenuation of the 
50 s gnals transmitted via optica' fibers 44 By way of ex- 
ample bmde- thread 48 may be formed of polyester, 
rayon, nylon or the like Moreover, binder thread 48 is 
preferaoly pre-shrunk 

[0023] Binder thread 48 advantageously has a large 
55 soread factor and therefore flattens once the binder 
thread s wrapped about optical fibers 44 Additionally 
binder thread 48 preferably readily de'orms when sub- 
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by the bene in fiber optic cable 4G B nder thread 48 typ- 
ically has ro more than 25 twists per inch in order to 
avoic undesirable atten jat on of the signals transmitted 
via optical fibers 44. Most commonly, binder thread 48 
has between 2 twists per inch and 6 twists per inch and. 
more preferably, about 4 twists per men Binder thread 
46 aisc oreferably has a TEX number oetween 18 and 
60 and. more preferably, between 30 and 40 such as 
about 35 in one embodiment such that the oinderthread 
has a fluffy feel. Additionally, binder thread 48 advanta- 
geously has a denier between about 150 anc about 
1000 such as about 250 in one embodiment. 
[0024] Binder thread 48 also preferably includes a fin- 
ish that is inert with respect to the components of fiber 
optic caole 40 with which the binder thread will come 
into contact. In this regard, the finish of binder thread 48 
is preferably inert with respect to the tight buffer layer of 
optical fibers 44. caole jacket 50 and any filling com- 
pound such as grease or the like. For example, binder 
thread 48 of one advantageous embodiment includes a 
silicone wax emulsion finish that facilitates processing 
of the binder thread. Binder thread 48 may also be de- 
signed to be non-wicking and/or can incljde a suoer- 
abso r bcnt polymer in order to reduce or prevent water 
miration through fiber optic cable 40. Further, binder 
thread 48 can induce indicia, such as an identification 
marking or acolor. in orcerto identify the respective bun- 
dle of optical fibers encircled by the binder thread and 
to distinguish one bundle frcm another Alternatively 
central member 46 of eacn bundle 42 of optical fibers 
44 can be colcr coded to uniquely identify the respective 
bundle 

[0025] Binder thread 48 is typically wrapped about a 
respective bundle 42 of optcal fibers 44 in a helical man- 
nerwith a p;tch of between 10 mm ard 70 mm and. more 
preferably, about 50 mm to facilitate fabrcation of the 
bundle of the optical fibers. As illustrated in more detail 
in Figure 2A. binder thread48 of one advantageous em- 
bodiment includes a pair of threads, namely, a looper 
thread and a needle thread As illustrated, one thread, 
which could be either the locper thread or tne needle 
thread, alternately passes back and forth over the upper 
portion of bundle 42. wnile the other thread alternately 
passes back and forth under the lower portion of the 
bundle With reference to the embodiment of Figure 2A 
for purposes of example the leftmost thread at the end 
of the bundie that is illustrated extends lengthwise along 
the bundle to a first stitch at which point the threads are 
secured by means cf an overlooked stitch. The thread 
then helically encircles the lower portion of tne bundle 
to a second overlooked stitch on the far side of the illus- 
trated bundle at which point the threads arc again se- 
cured to one another. The thread then extends length- 
wise along thefarside of the buncle to a third overlooked 
stitch before again helically encircfing the lower portion 
of the bundle to a fourth overlooked stitch This oattern 
is repealed for each threac along the length of the bun- 
cle in o r d3' tc secu r e oot cal fibers 44 tcget H e r ,n ?r 



integral manrer In this embodiment the !oope r thread 
and the need e thread are tyoically secured to one an- 
other at a plurality of stitch locat ons along the length of 
the bundle of optica! fibers, typically at a pitch of tC mm 

5 to 70 mm and. more preferably, at a pitch of 50 mm. by 
means of an overlooked stitch The resulting binder 
thread has a zig-zag appearance and is therefore some- 
times termed a zig-zag birder Bmderthread 48 secure- 
ly maintains tne plurality cf ootical fibers 44 within bun- 

10 die 42. while also maintaining the shape and size of the 
bundle of optical fibers such that the optical fibers need 
not be disposed within a respective jacket or buffer tube 
as required by conventional fiber optic cables. By elim- 
inating the jacket or buffer tube in which a bundle cf op- 

15 ticalfibers we r e traditionally disposed, the resultingbun- 
dle of optical fibers and. in turn, fiber optic cable 40 can 
be reduced in size relative to a conventional fiber optic 
cable having the same number of optical fibers. 
[0026] While abmder thread, such as those described 

20 above are advantageous for maintaining optical fibers 
44 in a bundle 42. each bundle of optical fibers can in- 
clude other tyoes of binders if so desired. For example, 
binder 48 may be formed of a film such as a polymer 
film, that is wrapped about optica! fibers 44 as depicted 

25 in Figure 4. in contrast to the polymer jackets that sur- 
round the individual bundles of optical fibers of conven- 
tional unitized fiber optic cables, the polymerfilm is gen- 
erally quite thin such as between about 1 mil and 10 
mils in one embcdimert Additionally since the polymer 

30 film can be wrapped about the bundle 42 of optical fibers 
44 and need not be extruded, the polymer film can be 
wrapped directly about the optical fibers and no barrier 
is required between the polymer film and the optical fib- 
ers since the polymer film will not adhere to the tight 

35 buffer laye- of the tight buffered optical fibers in the same 
manner that an extruded polymeric jacket would adhere 
to the tight buffer layer of tne tight buffered optical fibers 
of a conventional unitized fiber opticcable. Althougn the 
polymer film can be formed of various materials, the pol- 

^o ymer fiim of one embodiment is formed of polyester, 
such as a polyethylene terephthalate. having a tnicx- 
ness of about 1 mil. For example, the polymer film may 
be a MYLAR® fiim. 

[0027] Fiber optic cable 40 of the present invention 
45 also includes a cable jacket 50 that surrounds each of 
the bundles 42 cf optical fibers 44. and an optional rip- 
cord 54 for facilitating removal of cable jacket 50. Cable 
jacket 50 can be formed of various materials, but is typ- 
ically formed of a plastic, such as PVC. As an alternative 
50 to the PVC. cable jacket 50 may be formed of other plas- 
tics including fiber-reinforced polyethylene (FRPE). a 
fl uoro-plastic. such as PVDF. a fluoro-compound as dis- 
eased oy J S Patent No 4.g63.609 or blends of PVC 
and PVDF or PVC and PE As described above in con- 
55 junction with the tight buffer layer of the tight buffered 
optical f tbers 44 cable jacket 50 can also be designed 
to have increased burn resistance such that the fiberop- 
tic cable h-.s a r :ser a cie^um a^d/or a low smcke ze r o 
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halogen r a:mc In This 'egarc cable jacket 50 ean in- 
duce- aluminum :nhydrate antimony tnox.de or ether 
adait ves that increase the bum resistance of the cable 
jacket as known to those skilled in the art and as de- 
scribed by J S. Patent No 6.167.1 78 Additionally ca- 5 
ble jacket 50 can be designed to be resistant to UV light, 
if so desired 

[0028] Cable jacket 50 is typically extruded about the 
plurality of bundles 42 of optical fibers 44 Since bundles 
42 of optical fibers 44 need not be jacketed as described 10 
below fiber optic caole 40 preferably includes a sepa- 
ration element 52 for preventing adhesion between the 
plurality of burdles of optical f be-s and caole jacket 50. 
In one embodiment depicted in Figures 2 and 3. sepa- 
ration element 52 includes a separation layer disposed '5 
within cable jacket 50 and surrounding the plurality of 
bundles 42 of optical fibers 44 In this embodiment, sep- 
aration layer 52 is preferably formed of a matena! having 
a melting point that is greater than the respective melting 
points of cable jacket 50 and the tight buffer layer of the 20 
tight buffered optical fibers 44 in order to prevent adher- 
ence between cable jacket 50 and the bundles of optical 
fibers. For a cable jacket 50 formed of PVC having a 
molting temperature of 1 90°C. separation layer 52 can 
be formed of a polyester, such as a MYLAR® film having 25 
a melting point of about 235°C 

[0029] Cable jacket 50 is typically extruded about the 
plurality of bundles 42 of optical fibers 44 at the melting 
temperature of the plastic that forms the cable jacket 
By being fomned of a material, such as a polyester, hav- 30 
ing a melting point greater than the melting point of the 
plastic that forms cable jacket 50. separation layer 52 
does not melt as cable jacket 50 is extruded thereover. 
As such, separation layer 52 prevents adherence be- 
tween cable jacket 50 and the bundles 42 of opt cat fib- 35 
ers 44 such tnat the optical fibers are able to move 
somewhat relative to cable jacket 50 as fiber optic cable 
1 0 is flexed or bent, thereby permitting optical signals to 
be transmitted via the ootical fibers without disadvanta- 
geous attenuation as fiber optic cable 10 is bent or -to 
flexed. 

[0030] Separation layer 52 can be formed of other, 
non-polymeric materials, if so desired. For example, 
separation layer 52 can be formed of a water swellable 
tape in order to increase the water resistance of fiber -*5 
optic cable 40 Alternatively, separator layer 52 can be 
formed of a plurality of slrengih elements, such as ara- 
mid yarns or f.be r glass yarns, in order to increase the 
strength of fiber optic cable 40. The strength elements 
may have a parailel direction of lay relative to bundles so 
42 of optical fibers 44 ormay be stranded about bundles 
42 if desired. Still further separation layer 52 can be 
formed of various otner tapes, films threads or fibrous 
matenals In each of :hese embodiments, however, sep- 
aration layer 52 is designed to prevent adhesion be- 55 
tween the plurality of bundles 42 of optical fibers 44 and 
cable jacket 50 Moreover separation ayer 52 of each 



not to unnecessarily increase the size of fiberoptic cao e 
40 For a secaratior layer 52 formed 0*' a MYLAR® film, 
for example the mylar film may have a thickness of 
about 1 mil. 

[0031] Separation element 52 can be formed in other 
manners, however, without departing f-orn the spirit and 
scope of the present invention. For example in the em- 
bodiment of fiber optic cable 40 depicted in Figures 4 
and 5 each bundle 42 of optical fibers 44 includes a 
polymer film 48 surrounding the plurality of tight buffered 
optical fibers. By appropriately designing polymer film 
48. polymer film 48 not only serves as the binder for the 
respective bundle 42 of optical fibers 44. but also serves 
as the separation element. In this regard, polymer film 
48 is preferably formed of a material having a melting 
point greater than the melting point of the plastic that 
forms cable jacket 50. For example, for a fiber optic ca- 
ble 40 having a cable jacket 50 formed of PVC having 
a melting point of 1 90°C. polymer film 48 can be formed 
of a polyester such as a MYLAR® film . having a melting 
point of 235X As such, the polymerfilm 48 surrounding 
each bundle 42 of ootical fibers 44 will not melt as cable 
jacket 50 is extruded about the plurawty of bundles of 
optical fibers. Th js. polymer film 48 will serve to prevent 
adhesion between cable jacKet 50 and the plurality of 
tight buffered optical fibers 44 of each bundle 42. 
[0032] Still further, separation element 52 can be 
formed of a surface coating on each bundle 42 of optical 
fioers 44 In this regard the surface coating is prefe r ably 
applied to at least that portion of each bundle 42 of op- 
tical fibers 44 that would otherwise contact cable jacket 
50. The surface coating is preferably formed of a mate- 
rial that also has a melting point greaterthan the melting 
point of the plastic from which cable jacket 50 is formed. 
For example, the surface coating may be formed of pow- 
dered talc that is applied to the outer surface of the plu- 
rality of bundles 42 of optical fibers 44. The surface coat- 
ing of talc effectively prevents adhesion between cable 
jacket 50 and the tight buffered optical fibers 44 as the 
cable jacket is extruded thereover. 
[0033] According to the present invention, each inci- 
vidual bundle 42 of optical fibers 44 is unjacketed. That 
is. each individual bundle 42 of optical fibers 44 is bound 
together by a binder 48. such as a binder thread, a thin 
polymeric layer or the like, and does not include a pol- 
ymeric jacket as in conventional unitized fiber optic ca- 
bles As such, those embodiments of fiber optic cable 
40 ir which each bundle 42 isbouno with abinder thread 
48 permit direct contact between the tight buffered op- 
tical fibers of adjacent bundles 

[0034] Since each individual bundle 42 of optical fib- 
ers 44 docs not include a jacket each individua bund;c 
of optical fibers also need not include a layer of strength 
members or the like that is otherwise disposed between 
the jacket and the tight buffered optical fibers in orcer to 
prevent achesion between the jacket and the tight buff- 
erec optical fibers of conventional uniti7ec fiber optic ca- 
t zS "f Z" bed accve * ^ e ?.c« £■'. i st.'TCLnd +r ~3 
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bundles of opncal fibers of convenncrai uni:i7ed fiber 
optic caoles are relatively thick. Likewise, the layer of 
strength members or the like disposed between the 
jacket of each individual bunci.e cf optical fibers and the 
tight buflered optical fibers is also relatively th.ck. By de- 
signing fiber ootic cable 40 sixh that the bundles 42 of 
optical fibers 44 need not include a polymeric jacket or 
a layer of strength members or the like for separating 
the tight buffered optical fibers from the polymer c jack- 
et each bundle o' optical fibers can be substantially re- 
duced in size and. correspondingly, fiber cptic cable 40 
can be substantially reduced in size. 
[0035] For comparison purposes, fiber optic cable 40 
according to one embodiment of the present invention 
has six bundles 42 of optical f be r s 44 with each bundle 
of optical fibers including six tight buffered optical fibers 
stranded about a central strength member 46 While the 
size andthickress of various cable components may be 
varied depending upon ihe application, such as by var- 
ying the thickness of cable jacket 50 to alter the crush 
and impact resistance and/or the flame retardance. fiber 
optic cable 40 of one embodiment also includes a sep- 
aration layer 52 of a polyester, such as a M Y_AR® film 
surrounding the bundles 42 of optical fibers 44 and a 
cable jacke: 50 having athickness of 1 .3 millimeters sur- 
rounding the separation layer such that fiber optic cable 
40 has a total diameter of 10.9 millimeters. As described 
above a conventional unitized fiber optic cable having 
the same number of bundles and the same number of 
total opt'.ca: fibers generally has a diameter that is sub- 
stantially larger, such as 18.8 millimeters. As such, the 
conventional fiber optic cable has a cross-sectional area 
that is about three times large' than the fiber optic cable 
accordirg to the foregoing exemplary embodiment. 
Thus, fiber optic cable 40 of the present invention can 
include the same number of optical fibers 44 while being 
much smaller than conventional fiber optic cables. Al- 
ternatively, fiber opt.c cable 40 can include a greater 
number of optical fibers, i.e.. a higher fiber count, whiie 
havmgthesamesize as a conventional fiber optic cable. 
[0036] While various embociments of fiber optic cable 
40 have been described above, fiber optic cable 40 can 
include other features without departing from the spirit 
and scope of the present invention. For example, fiber 
optic cable 40 can be constructed to nave increased wa- 
ter resistance by including a var : ety of water swellable 
laces threads and/or powde r s Fcr example, separa- 
tion layer 52 can be formec of a water swe lable tape as 
described above. 

[0037] While one unitized cesign of fiber optic cable 
40 has been described hereinabove, fiber optic cable 
40 may have othcrconfigurations. In this regard the em- 
bodiment of fiber optic cable 40 depicted in Figures 2-5 
includes a plurality o f individual bundles of optical fibers 
extending along central member 46 and surrounded by 
cable jacket 50 In order to further increase the fiber 
ccun: of fiber optic cable 40 however fiber cptic cable 
^0 ca~ "elude a number of tube assemblies extending 



along the central member and surrojnded by cable :*c<- 
et 50 with each lube assembly including multiple bun- 
dles of optical fiber. In order to minimize the size of each 
tube assembly required to contain a predetermined 
5 number of optica fibers, however each bund e of optical 
fioers of a tube assembly is preferably ncn-jacketed as 
described above in conjunction with the embodiment of 
Figures 2-5. 

[0038] While the bundles of optical fibers may be ar- 
10 ranged in various manners, each tube assembly 54 of 
fioer optic cable 40 can include concentric bundles 42 
of optical fibers 44 with some bundles of optical fibers 
within other bundles of optical fibers as depicted in the 
embodiment of Figure 6. m this regard, tube assembly 
15 54 depicted in Figure 6 includes an innerbundle 42a of 
optical fibers 44 Inner bundle 42a includes a plurality 
of optical fibers 44 and at least one binder thread 48 
encircling the plurality of optical fibers to maintain the 
integrity o' the bundle. Although not illustrated, inner 
20 bundle 42a may also include a central strength member 
along which optical fibers 44 extend, if so desired. Inner 
bundle 42a can include any number of optical fibers 44. 
but typically includes 6 or 12 optica! fibers. Each optical 
fiocr of inner bundle 42a preferably includes indicia. 
25 such as a color, for uniquely identifying the respective 
optical fiber relative to other optical fibers of the inner 
bundle. While inner bundle 42a may include various 
binder threads binder thread 48 of one advantageous 
embodiment -s an air entangled textured, continuous 
30 multi-filament thread as described above in more detail. 
[0039] Tube assembly 54 of the embodiment depicted 
in Figure 6 also includes an outer bundle 42b of optical 
fioers 44 having a plurality of optical fibers positioned 
circumferentially about the inner bundle 42a of optical 
35 fioers. While outer bundle 42b may include any number 
of optical fibers, the outer bundle of the illustrated em- 
bodiment includes 12 optical fibers. Like inner bundle 
42a. each optical fiber 44 of outer bundle 42b also pref- 
erably includes indicia, such as a color, for uniquely 
40 identifying the respect;ve optical fiber relative to other 
optical fibers of the outer bundle. While each optical fiber 
44 of inner bundle 42a ana each optical fiber of the outer 
bundle 42b is uniquely identified, such as by having a 
unique color, with respect to other optical fioers of the 
45 respective bundle, optical fibers of inner bundle 42a may 
have the same colors as optical fibers of outer bundle 
42b. However, optical fibers 44 of the inner and outer 
bundles that have the same color may be distinguished 
from one another based upon the respective bundle in 
50 which the optical fibers are included. Outer bundle 42b 
of optical fibers also includes at least one binder thread 
48 encircling the plurality of optical fibers to maintain the 
integrity of the optical fibers of the outer bundle about 
inner bundle 42a. While inner bundle 42a may induce 
55 various binder threads binder thread 48 of one advan- 
tageous embodiment is also an air entangled textured 
continuous multi-filament threac as described above ; n 
more dc-ta I 
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[0040] Additionally tube assembly 54 of Figure 6 can 
include a tubular member 56 sucn as a ou'fer tuoe. sur- 
rounding ojte' bundle 42b o*' optical fibers 44 as de- 
scribed abcve Moreover any voids within :ubular mem- 
ber 54 may be ft lec wth a filling compound, such as 5 
grease or the ike tc prevent wa:er migration. 
[0041] As depicted in Figure 6. at .east the outer bun- 
dle 42b of opt cat fibers 44 and more preferably, both 
the outer and inrer bundles of optical fibers are non- 
jacketec such that the c^oss-sectional size of the result- to 
ing tube assembly 54 can oe minimized for a predeter- 
mined number of optical fibers. In order to prevent ad- 
hesion between tubular member 54 and outer bundle 
42b of optical fibers 44. tube assembly 54 of F.gu'e 6 
can also include a separation element, such as a sepa- i5 
ration layer that surrounds the outer bundle of optical 
fibers or a surface coating on the outer bundle of optical 
fibers as described above 

[0042] By encircling inner bundle 42a with optical fib- 
ers 44 of outer bundle 42b. tube assembly 54 of the em- 20 
bodinent of Fgure 6 will include a dense collection of 
optical fibers in order to maximize the number of optical 
fibers includec within a buffer tube of a particular cross- 
scctional size. However, each optical fiber of tube as- 
sembly 54 can be uniquely identified by means of the 25 
indicia, such as the color, of each optical fiber and the 
separation of the optical fibers into inner and outer bun- 
dles 

[0043] In order to construct fiber optic cable 40 utiliz- 
ing tube assembly 54 depicted in Figure 6 a plurality of 30 
tube assemblies are extended alongside a central mem- 
ber 46. typically by being stranded about central mem- 
ber 46. m the same manner as the individual bundles 
42 of optical fibers 44 are extended along central mem- 
ber 46 in the embodiment of Figures 2-5. A cable jacket 35 
50 is then extruded over the plurality of tube assemblies 
54 To prevent adhesion between tubular members 56 
of tube assemblies 54 and cable jacket 50. fiber optic 
cable 40 can also include a separation element dis- 
posed between tLbe assemblies 54 and cable jacket 50 -to 
as described above in conjunction with the other em- 
bodiments. By including tube assemblies, each of which 
generally include multiple bundles o- optical fibers, fiber 
optic cable 40 o f this embodiment can include even 
greater numbers of optical fibers, such as 288 optical -*s 
fibers or more while continuing to minimize the overall 
cross-sectional size of the cable. However, each optical 
fiber 44 of fiber ootic cable 40 of this embodiment may 
be uniquely ident fied since tubular member 56 of each 
tuoe assembly 5^ may include indicia, such as a color 
to uniquely identify the respective tube assembly and 
the indicia, such as the color, of each optica: fiber and 
the separation of the optical fbe r s into inner and outer 
bundles permit each optical fiber of a respective tube 
assemb y to be uniquely identified as described above 
[0044] Many modifications and other embodiments of 
the invention will come to mird to one ski lec in the art 



teachings presented in the foregoing descriptions and 
the associated drawings Therefore, it is to be under- 
stood that the invention is not to be limited to the specific 
embodiments disclosed and that modifications anc oth- 
er embodiments are intended tc be included within the 
scope of the appended claims Although specif.c terms 
are employed herein, they are used in a generic and de- 
scriptive sense only and not for purposes o' limitation. 
The optical fibers can oe grouped with a bmde- thread 
as cesenbed above and then covered with a layer of 
strength filaments, forexampie. aramid fibers and/crfib- 
erglass. which is then covered by a thermoplastic jacket 
material 



Claims 

1 . A fiber optic cable comprising: 

at least one non-jacketed bundle of optical fib- 
ers, each bundle of optical fibers ccmpris.ng a 
plurality of optical fibers and at least one binder 
thread encircling the plurality of optical fibers to 
thereby maintain the plurality of optical fibers in 
the bundle, said at least one binder thread com- 
prising an air entangled, textured, continuous 
multi-filament thread having no more than 25 
twists per inch: and 

a cable jacket surrounding said at least one 
non-jacketed bundle of optical fibers. 

2. A fiber optic cable according to Claim 1 wherein said 
at least one binder thread comprises a looper 
threac and a needle thread that cooperate to encir- 
cle the plurality of optical fibers 

3. A fiber optic cable according to Claim 2 wherein said 
loooer thread and said needle thread are secured 
to one another by a plurality of overlooked stitches. 

4. A fioer optic cable according to Claim 1 wherein said 
at least one binder thread is formed of a syntnetic 
thread that is resistart to bacterial decomposition. 

5. A f loer optic cable according to Claim 4 wherein said 
at least one binder thread is formed of preshrunk 
polyester 

6. A fiber optic cable according to Claim 1 wherein sa'd 
at least one binde- thread has a finish that is inert 
with respect to those components of the fiber optic 
cable with which said at least one binder thread 
comes into contact. 

7. A fiber optic cable according to Claim 6 wherein the 
finish s a silicone wax ernuisicn finish 



8 



15 



EP 1 271 212 A2 



st least one binder thread has between 2 twists and 
6 twists per inch 

9. A fiber opt:C cable according to Claim 1 wherein said 

at leas: one binder thread has a TEX number be- 5 
tween 18 and 60 

10. A fiber opt.c cable according to Claim 9 wherein said 
at leas: one binder thread has a TEX number be- 
tween 30 and 40. 1 ° 

11. A fiber opt.c cable according to Claim 1 whereinsaid 
at least one binder thread has a denierberween 1 50 
and 1000 

15 

12. A fiber optic cable according to Claim 11 wherein 
saic at least one binder thread has a denier of 250. 

13. A fiber optic cable according loClaim 1 whereinsaid 
at least one binder thread is resistant to wicking. 

14. A fiberoptic cable according to Claim 1 wherein said 
at least one binder thread includes a super absorb- 
ant ooiymcr 

25 

1 5. A fiber opt.c cable according to Claim 1 wherein said 
at least one binder thread comprises indicia for 
uniquely identifying said bundle of optical fibers 

16. A fiber optic cable according to Claim 1 wherein said 30 
at leas: one binder thread encircles the plurality of 
optical fibers with a pitch between 10 mm and 70 
mm 

17. A fiber optic cable according to Cain 16 wherein 35 
saicat .east one binder thread encircles the plurality 

cf optical fibers with a pitch of 50 mm. 

18. A fiber optic cable according to Claim 1 further com- 
prising a separation element fcr preventing adhe- -to 
sion between said at least one non^acketed bundle 

cf optical fibers and said cable jacket. 

19. A fiber optic cable according to C;aim 18 wherein 
saic separat on element comprises a separation 4 $ 
layer disposed within said cable jacket and sur- 
rounding said at least one non-jacketed bundle of 
optical fibers 

20. A fiber optic cable according to Clam 18 wherein 50 
said separation element comprises a surface coat- 
ing on said at least one non-jackctcd bundle of op- 
tical fibers. 
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